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IftThODUCTiuL 

Cellulose a&s probably first nitrated, in 1636, by 

r 4L O 

Thecphile- Jules lelouta, w who prepared nitrocellulose by 
dipping paper into concentrated nitric acid, fcarlier, in 1633, 

H. I raccrmot^ had prepared a nitric ester of starch by dissolving 
etaroh in concentrated nitric acid and then diluting it with 
water to precipitate the aster, which h* called "xyloidine". The 
products that Felcuie obtained from paper, cotton and linen wer# 
considered to be identical with the xylcidin© from starch. In 
1846 Pelcuse 0 " cade clear distinction between xyloidine and the 
cellulose ester, which ho called "pyroxylins". In 1645, 

Christian Friedrioh Schonblen at Basal, Germany, used a mixture 
of nitrio acid and sulfuric acid to nitrate cotton. Later that 

Q 

same year liudolf bottger, professor at Frankfort-oc-tne-iain, 
independently prepared guncotton, bchonbien's process, in which 
he used a ratio of one volume of strong nitric aoid (density 1.45 
to 1.5) to three volumes of strong sulfuric acid (density 1.86) » 
became the basis for the commercial manufacture of guncotton for 
exclosives. 

It is possible to pr .pare cellulose nitrate of various degrees 
of substitution depend ing upon the conditions of nitration, "’he 
completely substituted oroduct is cellulose trinitrate, which has 
a nitrogen content of 14.14 per cent. The theoretical equation 
for the reaction 1st 

C 6 H 7 0 2 (0H) 3 ♦ *W0 5 s C 6 H 7 Q 2 (0r02)j ♦ Wf© 

Technically, the reaction is an esterification rather then a 
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nitration, but the latter terra is core cocjconly ueeb. 

Although nitrocellulose <*.as initially used only as a oilitary 
explosive, products of lower nitration have sine® become oxtresaely 
iiBportant in the plastics and lacquer industries, the applica- 
tions of the various classes of nitrocellulose:* and their corres- 



ponding' nitrogen content a 


.r., 86 


Mtrogen Content, 
ler Cent 


Field of Application 


10.? - 11.2 


Celluloid plasties, lacquers 


11.2 - 11.7 


Film, lacquers 


11.8 - 12.3 


Film, lacquer®, rayon, coated 
fabrics, cements 


12.6 - 13.6 


Smokeless powder 



It is the purpose of this paper to consider the various 
factor* ahich control the degree of nitration of cellulose when 
ndxeo acid is used as the nitrating agent. 
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?Oto ItAtbiu* OP Inn KaACilvh 

The chemical substitution which takes piece when cellulose is 
nitrated with mixed acid is effected with littl® alteration In the 
physical appearance or fiber structure of the cellulose. The 
fiber# appear merely to becoroe soeerhat harder and Tier© brittle? 
with cotton, the convoluted fibers bcccme untwisted • 

Although the precise manner in which the substitution takes 
place in cellulose fibers ic not known, two general concepts have 
been proposed to explain the reaction. According to the first of 
these concepts, the cellulose micelles are penetrated by the nitra- 
tior reagent and the reaction proceeds p regressive ly from the ex- 
terior to the interior of the micelles in a heterogeneous fashion. 
In other words, tne molecules encountered first arc nitrated 
ccsr.pl etely to the trinitrate, while other and more inaccessible 
molecules reruain unchanged, Th© supporters of this theory contend 
that cellulose nitrate containing less nitrogen than tne trinitrate 
is a mixture of cellulose trinitrate and unchanged cellulose. The 
second, and more generally accepted concept proposes teat too 
nitration reagent penetrates uniformly into ell parts of tne coilu- 
lofio fiber and that the entire fiber is nitrated homogeneously at 
aoprcxiwately the same time, 

X-Ray examine tier, s of eelluloe© of various degree® of sub- 
stitution have presided some clue as to the structure of cellules© 
nitrate and the nature of the nitration reaction, although the 
inter ^rotations of tne X-ray patterns and the ecnclueions arrived 
at by various investigators are not in agreement. 



— 1 ^ S' 2 

S, 0. Eerzcg, 5, vcn Karay-Szabo, and G, vers cueioh ' U ccncluded, 

after examining the structure of different specimen of nitro- 
cellulose, that sll nitrocellulose* below the trinitrate are 
mixtures of cellulose trinitrate and unchanged cellulose. Aesong 
ethers who have investigated the X-ray patterns of nitrocellulose* 
cf various compositions era F, D, biles and J. Craik 2 - 1 -, 

• A. Sieson^“, kathieu^, and fc, J, Lorand* 7 . 

21 

r. G. Files and J, Craik observed that th® X-ray pattern 
of oellxilose does not change until a nitrogen content cf 7,F> per 
cent has been reached. At this point the crystalline pattern dis- 
appears, and an aiaorphcus pattern persists until a nitrogen content 
cf 10.3 per cent is reached, h crystalline pattern approaching 
tnat of cellulose trinitrate is not observed until the nitrogen 

19 

content reaches 12, E per cent, bark end Files, Craik and ~el- 
^1 £2 

bourn ^ ,c attribute the appearance of th© amorphous diarram. to a 
noc-unifero distribution of ester groups, which prevents the do- 
velopjrcnt of a crystalline lattice structure. Files and Craik &A 
state that in the first stage of nitration, up to about 7,f> per 
cent nitrogen content, only the diffractions of almost completely 
mercerised cellulose are observed, ar.d suggest that substitution 
has taken place only on the "inner surface" of the fiber®, wnile 
the interior of ^he micelles remain unaffected. They expressed the 
belief that, a® nitration proceeds beyond the initial stare, the 
micellar arrangement bresfcs dorm and the nitrate groups bccose so 
distributed among the chain molecules that there is little likeli- 
hood that any one molecule becomes eoir,pletely nitrated to the 
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trinitrate while others retrain unchanged. 

Hess and Trcgus^, who have fcoer. the chief supporters of the 
heterogeneous micellar theory, olaic that the amorphous diagram 
is the result of the conversion of cellulose into its hydrate form 
which takes place under the swelling influence of the strong acid. 
They contend that the amorphous diagram represents a raixtxire of 
unsubstituted cellulose with the trinitrates of both cellules*# and 
cellulose hydrates. 

According to the explanation advanced by A. A. Sisson^*', the 
reagent penetrates the fiber, attacking first the surface of the 
micelle, whioh is changed into the tri-derivativej then proceeds 
inward to produce, between the unreacted interior and the completely 
reacted surface, a partially reacted area in whioh only two 
hydroxyl groups have been replaced by nitrate groups. This 
partially reacted area ic responsible for the amorphous X-rnv 
diagram produced. 

1 7 

B, J, Lorand states that there is evidence to support the 
view that all cellulose nitrations do not follow a siiaglo pattern, 
ard that the type of reaction depends upon the nature of the 
nitration reagents used ar.d their concentrations, the temperature, 
and other conditions, it is probable, according to Lcrand, that 
the perrautold or quasi-horcgenoouR, the micellar hetorefeneous, 
and other types of proposed reactions may apply, depending upon the 
circumstances. 

The failure to find any appreciable amount of unchanged 
cellulose or any evidence of the presence of completely substituted 
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cellulose trinitrate in nitrocellulose ssuaplee has resulted in 
considerable opposition to the micellar heterogeneous theory* 
luirfroua samples of nitrocellulose! have been fractionated j none of 
the fractions have varied *oro than 0.3 per oent in nitrogen con- 
tent • 

Additional evidence, based upon measurements of atcnostolacular 
films of nitrocellulose spread on a two-normal sodium hydroxide 
solution* has been introduced by £’. D. ailes to discredit the 
micellar heterogeneous theory. Hies contends that in order fer 
the nitrocellulose structure tc exi6t, as supposed by ..ess and 
Trogus, either the micelle must solvate or disperse as such, in 
which case he claims that it is Impossible to account for the 
spreading of the single molecule; or, the cellulose trinitrate 
must separate fron the unchanged cellulose* If the latter were 
true, * lies points cut, only the colluloao trinitrate would spread 
a rd the resulting film area v*ould be less than that actually found* 

fcer.y investigators^* 22, 2b havo produced evidence that 
cellulose nitration is a reversible reaction and Involves the 
usual principles of catorif ication. That is, wnen molecular 
quantities of nitric acio and cellulose react, an eater la feraod 
and water is split out* Since th® reverse reaction takes place at 
the saw® timo, an equilibrium is sot up between the cellulose, 
acid, water and ester* The reaction approaches coir, lotion when ar. 
excess of the nitric acid is taken and sulfuric acid is used tc 
combine with the wator f orred . The oxictenco of equilibria, has been 
observed over a wide range of substitution, ©rd it has been shown 



